INTRODUCTION
Botulism affects both man and animals. It is regarded as being caused generally by ingestion of preformed toxin. The main site of toxin absorption is considered to be the duodenum in mammals (back and Gibbard , 1926; Dack and Hoskins, 1942; Dack and Wood, 1927; May and Whaler, 1958; Sugii, Ohishi and Sakaguchi, 1977) . Most cases of human botulism have been caused by type A, B, and E toxins and those of animal botulism by type C and D toxins. Cases of avian botulism, particularly of wild ducks and broiler chickens (Blanford and Roberts, 1970; Roberts and Collings, 1973; Roberts, Thomas and Gilbert, 1973; Page and Flettcher, 1974; Haagsma, 1974) have been caused by type C toxin.
It was demonstrated that chickens are highly susceptible to type C toxin by the oral route, but they are 1,000 times more susceptible to type A toxin (Oguma, Iida and Inoue, 1973) , producing no Cl toxin but only trypsin-activable toxin, given by Dr. H. Iida, Department of Microbiology, Hokkaido University School of Medicine, Sapporo. The strain was grown in PYG medium fortified with 1.0% Cooked meat medium (Difco) for 3 days at 37 C. The C2 factor, at a potential toxicity of about 100 MLD /ml, was precipitated with ammonium sulfate at 60% saturation at pH 4.0, extracted with 0.05 M acetate buffer, pH 6.5, containing 1 M NaGl, and concentrated by ultrafiltration through Amicon PM30 membrane (Amicon, Lexington, MA (Jansen and Knoetze, 1971; Eklund and Poysky, 1972) were treated with trypsin at 0.2 mg/ml for 30 min at pH 6.0 and 35 C before administration. The toxicities were determined by the time-to-death method by iv injection of 0.1-ml doses into mice and expressed in equivalent ip LD50 (Boroff and Fleck, 1966) .
C. botulinum spores: Type A spores of strain 62A were prepared by the method reported by Schmidt and Nank (1960) . Type C (strains CB19 and 0203-U28NT) and D (strain 1873) spores were prepared in the biphasic system (Bruch, Bohrer and Denny, 1968) using an agar phase consisting of Cooked meat medium (Difco) fortified with 0.4% glucose, 1 % yeast extract, 1% ammonium sulfate (Segner, Schmidt and Boltz, 1971) , and 0.1% L-cysteine hydrochloride.
The spore suspensions in distilled water were heated for 15 min at 80 C (at 60 C for type E) and kept frozen until used. Viable counts were made by colony counting in Brain heart infusion agar (BBL) fortified with filter-sterilized 0.1% L-cysteine hydrochloride and 0.01% dithiothreitol (Moore, 1968) in anerobic pouches (Greenberg, Bladel and Zingelmann, 1966) by incubation for 2 days at 37 C. Chickens: One-day-old male chickens, White Leghorn Hy-Line, were purchased from a commercial hatchery and reared for 2 weeks in an electrically heated battery of brooders (Ohmiya Manufacturing Co., Kyoto) by feeding commercial feed containing no antibiotics. Cecoligation: The chicken at 7 days of age was subjected to midventral laparotomy under anesthesia. The duodenum was drawn out and covered with a piece of saline-moistened cotton. The necks of both parts of the cecum were tied together with thread at two places. The duodenum was replaced and the abdominal incision was sutured. The cecoligated chickens were reared for an additional week and used for spore administration.
Administration of toxin to chickens: Intravenous injection was made into v. cutaneaulnaris at a 0.1-ml dose. Oral administration was made into the crop with a metal catheter at a 0.5-ml dose. Intraduodenal injection with a 0.1-m1 sample was made immediately after the necks of the both parts of the cecum had been tied off to prevent toxin from entering the cecum. After intraduodenal injection, the abdominal incision was sutured.
For intracecal injection, the chicken at 2 weeks of age was anesthetized and laparotomized. A threaded needle was passed under the cecum to tie the two necks loosely at two places. Through the knots, a 0.1-ml sample was injected into one part of the cecum. No sooner than the hypodermic needle was withdrawn, the knots were tightened as quickly as possible to prevent the inoculum from leaking out. The abdominal incision was sutured.
All the chickens were observed for 7 days after administration of toxin. Administration of spores: A 0.5-ml portion of suspensions of various concentrations of type A, C or D spores was administered into the crop with a metal catheter. Both normal and cecoligated chickens were used at 14 days of age.. The chickens were kept at 20-24 C and observed for 3 weeks.
Determination of toxin: When chickens died, they were autopsied. Blood serum which had been separated in the heart was taken. Contents of the crop, proventiculus and gizzard, upper intestine, lower intestine, and the cecum were taken and weighed, and each was suspended in 10 ml of sterile saline. A 2-g sample of the liver was taken, cut up into fine pieces, and suspended similarly in 10-ml saline. Each suspension was diluted 10-fold serially in saline. A 0.5-ml portion each of serial dilutions was inoculated intraperitoneally into a mouse to determine a rough minimum lethal dose (MLD).
When the mouse died, the toxin was, identified by the neutralization test in mice protected with monovalent antitoxins (0.25 IU of anti-type A and antitype C, 2.5IU of anti-type D, and a quantity of anti-C2 factor neutralizing about 500 MLD of the C2 factor). Antitoxins types A, C, and D were given by Dr. H. Kondo, Chiba Serum Institute, Ichikawa, Chiba, Japan and anti-C2 factor by Dr. M. W. Eklund, U.S.A.
Detection of C. botulinum: The suspensions of the liver and of the contents of different parts of the alimentary tract were each inoculated into a tube of cooked liver medium, which was incubated for 3 days at 37 C. The culture supernatant was injected intraperitoneally into a mouse. When the mouse died and the culture was neutralized by only the corresponding type of the monovalent antitoxins, the sample was regarded as containing the organisms.
Other methods: Protein contents of purified toxin preparations were determined according to Lowry et al. (1951) .
The antigenicity of the toxin in blood was determined by the reversed passive hemagglutination (RPHA) using sheep erythrocytes coupled with antitoxic globulins type A and C separated by affinity chromatography (Sakaguchi et al., 1974 
RESULTS

Administration of Botulinum Toxins by Various Routes
Toxins of different types were each administered to 2-week-old chickenss intravenously, perorally, intraduodenally, and intracecally to determine MLD (Table I) . 
Oral Administration of Spores to Normal Chickens
All the chickens administered perorally with 102 or more of type A, C, or D spores developed illness in 5 to 12 days and died in an additional day or two (Table III) . Some but not all (1 to 3 of 5) chickens administered perorally with 10 spores of any of these types died. Neither the incubation period nor the course of illness seemed to be dependent upon the dose. None of the chickens administered perorally with 103 spores of the cured type C strain died, but 3 of the chickens fed with 104 spores died; one on the 5th and the other on the liver, and different parts of the alimentary tract. No toxin was detected in the serum, crop, proventriculus and gizzard, upper intestine, or liver of any chicken. The toxin was detected in the ceca of all and in the lower intestines of some chickens. The toxicity of the cecum contents was always higher than that of the contents of the lower intestine. The toxicity of the cecum contents of type C-spore recipients was 100-800 mouse ip MLD fig, that of type D-spore recipients 70-200 MLD /g, and that of type A-spore recipients 10-100 MLD /g (Table IV ).
In cured type C-spore recipients, mouse lethal activity was detected only in the cecum at a titer of 40-50 MLD/g.
C. botulinum organisms were demonstrated in all the specimens of the digestive tracts of all the chickens regardless of the presence or absence of toxin and in the liver of some chickens.
Oral Administration o f Spores to Cecoligated Chickens
The foregoing experiments indicated that the main site of production and at the same temperature, the rate of inactivation was much more rapid; inactivation of type A toxin was significantly more rapid than that of type C and III toxins (Fig. 2, bottom) . Similar experiments were made in 0.01 M phosphate buffer, pH 7.5. Type A toxin lost about 80% of the toxicity in 5 hr at 41 C, whereas type C and D toxins retained nearly 100% of the toxicity (Fig. 3, top) . The destruction curves obtained with the dissociated 7S toxic components of types A and D were nearly the same as those with the corresponding parental 12S toxins (Fig. 3, bottom detected the same levels of antigenicities of type A and C toxins in the blood samples. The toxicity of the cecum contents of type C-spore recipients was higher than that of type A-spore recipients, which was also interpreted as indicating a higher rate of inactivation of type A toxin in the cecum. These results do not support the hypothesis presented by Gross and Smith (1971) that type C toxin is absorbed at a higher rate than type A toxin from the alimentary tract of the chicken. Type A toxin was rapidly inactivated but type C and D toxins were relatively stable in cecal fluid (pH 7.4) incubated at 41 C. In a buffer of pH 7.5, at which pH botulinum toxin undergoes molecular dissociation into the toxic and nontoxic components, type A toxin was inactivated rapidly, whereas type C or D toxin was not. The destruction curves obtained with type A and D derivative toxins were the same as those of the respective progenitor toxins under the same conditions, therefore the higher stability under alkaline conditions may be characteristic of type C and D derivative toxins. The stability of the C2 factor in the cecum awaits future studies.
The optimum temperature for the growth of C. botulinum is generally regarded as 20-37 C, although psychrophilic properties have been found with type E and nonproteolytic type B and F strains (Schmidt, Lechowich and Folinazzo, 1961; Eklund, Poysky and Wieler, 1967; Eklund, Wieler and Poysky, 1967) . We found that the optimum temperature for the growth of type C and D organisms is 40-42 C, that for type A 38-40 C, and that for type E 33-35 C. At 41 C, type E organisms did not grow or produce toxin, and type A organisms produced toxin but the toxin potency was lower than those produced by type C and D organisms. The higher optimum temperature for the growth and the higher stability of the toxin at high pH values seem to be more favorable for type C and D organisms to cause toxico-infection in chickens whose normal body temperature is about 41 C.
We can not explain why no case of avian type D botulism has ever been reported. Our results show that chickens are susceptible to similar extents to toxico-infection by type C and type D organisms. Although we proved that chickens are more susceptible to type C toxin than to type D toxin, type D strains are usually better toxin producers. Further studies are needed to clarify if type C organisms produce larger quantities of the C2 factor, which was shown to exert higher lethal toxicity to chickens than C1 or D toxin, than do type D organisms in the chicken cecum. Lower density of distribution of type D spores in the environment may be the main reason for the lack of avian cases of type D botulism.
Recently, cases of infant botulism have been reported in the United States (Arnon et al., 1977) . No source of preformed toxin was detected in any case. The cases were diagnosed principally by detecting the toxin and the organisms in feces. In such infant botulism cases, toxico-infection has also been suggested (Arnon et al., 1977) . It should be interesting to find if the site of toxin production and absorption in human toxico-infection is the cecum or appendix and if
